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Use of Toxicokinetic Data to Replace Default 
Uncertainty Factors for the Derivation of a 
Reference Dose for Boron 
C.L. Sma wood, L pscomb J., Swartout J. 
U. S. EPA, ORD, Nat ona Center for Env ronmenta Assessment. 

Boron on the Off ce of Water's Cand date 
Contam nant st, nd cat ng the potent for 
regu atory cons derat on. The Off ce of Research 
and Deve opment's ORD Nat ona Center for 
Env ronmenta Assessment NCEA s charged w th 
assess ng sks from exposure to env ronmenta
contam nants, and deve op ng and app ng 
advanced sk assessment methods. The 
reassessment of boron's hea th sks presented 
un que opportun ty to deve op and app y chem ca
spec nformat on n quant tat ve human hea th r sk 
assessment. Chem ca s are absorbed, d str buted 
and nated from an ma through tox cok net
TK processes wh e tox codynam c processes TD

dea th the response of the target t ssue to a g ven 
dose. For sk assessment, fferences between 
an ma s and humans, and d fferences w th n humans 
are each addressed w th a defau t uncerta nty factor 
of 10, and can be ded nto TK and TD 
components. The defau t va ue for each component 
can be rep aced w th data-der ved va ues. Pr or to 

at ng the boron r sk assessment, no such data 
ex sted to eva uate TK d fferences between an ma
and humans, or TK d fferences th humans. 
Through partnersh th ndustry US Borax
NCEA gu ded the p ann ng, deve opment, conduct, 
nterpretat on and presentat on of stud es to 
determ ne boron TK n pregnant rats and pregnant 

humans. Human stud es were funded by US Borax, 
and conducted by the Un vers ty of Ca forn at 
Irv ne resu ts were pub shed n the peer-rev ewed 
terature. NCEA sc ent sts used these data to 

deve op a va ue to rep ace the defau t va ue for the 
TK component of an ma to human extrapo at on. 
NCEA sc ent sts cr ca y eva uated a d verse set of 
data on k dney funct on to determ ne how boron 
removed from mamma s, and used var ab ty 
rena funct on among humans to deve op a va ue to 
rep ace the defau t va ue for the TK component of 
the nter nd dua uncerta nty factor. Th
precedent-sett ng assessment demonstrates 
NCEA's adherence to reduc ng uncerta nt es 
human hea th sk assessment, and our ntent to 
nc ude quant tat ve nformat on, when poss e, 
Agency r sk assessments. Th nteract on and ts 
outcome gh ghts ORD's ab ty to partner th 
ndustry to f data gaps and mportant for enab ng 
an mproved sc ent bas for sk assessment. 
Th s assessment, w th ts nc us on of data-der ved 
uncerta nty factors, w st mu ate s ar advances 
the quant tat ve re ance on TK data when they are 
ava ab e for other chem ca s. The R sk Assessment 
Forum cons der ng whether to gu de the 
rep acement of defau t uncerta nty factors w th data-
der ved uncerta nty factors th s assessment w be 
usefu as a case study n that dec on. 

Where is the Exposure to Boron? 

What is the risk? 

How we got there.... 

Potential for Regulatory Consideration? 
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Determ nat on of the RfD Us ng 
Ad ustment Factors 

where: 
s the "cr ca " dose NOAEL, LOAEL, BMD de ned n the cr ca study, 

AFAK s the nterspec es tox cok net c ad ustment actor de au t = 3.16
AFAD s the nterspec es tox codynam c ad ustment actor de au t = 3.16
AFHK s the nter nd dua tox cok net c ad ustment actor de au t = 3.16
AFHD s the nter nd dua tox codynam c ad ustment actor de au t = 3.16
UF s the aggregate uncerta nty actor, 

The R s cons stent w th a suggest on by N sen 1992 that an 
ntake o 10 mg per day s not too h gh, wh e 50 mg day s probab
tox c. a representat ve body we ght o 60 kg s assumed or a 
pregnant woman, the va ue o 10 mg day trans ates to 0.17 mg kg-

day. As boron appears to have some bene nutr ent va ue, N sen 
1992 so recommended a tota da y boron ntake o 1 mg to avo d boron 

de ency. The R D wou d appear to g ve an adequate marg n o sa ety 
be ow, as we as above. 

RfD 
AF AF AF AF UF AK AD HK HD 

Research 
Protocols 

NCEA sc ent sts used these data to deve op a 
va ue to rep ace the de au t va ue or the TK 
component o an ma to human extrapo at on 

Uncertainty Factors for 
Boron Defaults or Data? 

Default and Data-Derived Values for Components of UF and UF

Uncertainty 
Factor 

Component Combined Factor 
Values TD TK* 

UF 3.16
not replaced 

no data 

3.16
3.3 

10.43 

UF 3.16
not replaced 

no data 

3.16
2.0 

6.32 

Combined UF and UF 66 
*Valuation of the TK component of UF was based on species difference in the 
volume of total body water during pregnancy and boron clearance rates valuation 
of the TK component of UF was based on differences in GFR among pregnant 
women. 

Values Used for Boron 
Reference Dose 

= 10.3 mg kg-day en et a ., 1996

AFAK = 3.3 data-der ved

AFAD = 3.16 100.5, defau

AFHK = 2.0 data-der ved

AFHD = 3.16 100.5, defau

UF = 1 UFS x UFD x UFL

AFTOT = 66 3.3 x 2.0 x 3.16 x 3.16

RfD = 0.2 mg kg-day 10.3 66

Critical Dose 
•�The cr ca dose for Boron was determ ned by 
us ng a Benchmark Dose BMD for decreased feta
body we ght rats en et 1996 us ng 
comb ned data from two stud es performed n the 
same aboratory. He nde et a ., 1992 Pr ce et a ., 
1996

•�The BMD based on the comb ned resu ts of the two 
stud es was 10.3 mg B kg-day. 

Interspecies 
Toxicokinetics 
•�As the boron RfD based on deve opmenta
effects observed n rats, the most re evant k net
data are those perta ng to pregnant rats and 
pregnant humans. 

• Boron c earance s used as an est mator of nterna
dose. 

Boron not metabo zed and most ent re
nated n the ur ne, c earance of boron by the 

dney can be used as the key tox cok net
nterspec es sca ng factor therefore the TK 
component of UFA was based on spec es d fference 
n boron c earance. 

• There s an assumpt on of re at ve y constant ntake 
of boron, and the tox c outcome s most ke y re ated 
to a cont nuous exposure over an extended per od 
dur ng feta deve opment, the most appropr ate 
est mator for nterna dose s the average steady-
state c rcu at ng boron concentrat on. 

•�Boron d str butes pr mar y to tota body water and 
bone, a two-compartment steady-state k net c mode

used to re ate nterna rcu at ng boron 
concentrat on to externa exposure. 

•�The mean boron c earance for pregnant rats and 
pregnant women were determ ned from the k net
stud es of U.S. Borax 2000 , Vaz et a 2001 and 
Pah et a 2001

Intraspecies 
Toxicokinetics 
•� AFHK accounts for the range of human 
nter nd dua var ab ty from where AFAK eft off to 
where the sens ve subpopu at on adequate
protected. 

•�For boron, the range s between the mean and a 
ower bound" boron earance the pregnant 

human popu at on. 

•��The TK component of UFH for Boron was based 
on d fferences n GFR among pregnant women. 

The bas formu mod ed from Dourson et 
1998 for AFHK s: 

where GFRAVG and SDGFR are the mean and 
standard dev at on of the GFR for the 
genera hea thy popu at on of pregnant women. The 
use of 3 standard dev at ons rather than 2 as 
Dourson et ., 1998 based on obta ng 
adequate coverage of pregnant women w th very ow 
GFR. 

AF 
GFR 

GFR SD HK 
AVG 

AVG GFR 

References 
en, BC Strong, PL Pr ce, CJ Hubbard, SA Datson, G.P. 1996 Benchmark dose ana ys s of deve opmenta tox ty n rats 

exposed to bor c ac d. Fund App Tox co 32:194-204. 

Dourson, M Ma er, A Meek, B Renw ck, A Ohan an, E Po er, K. 1998 Boron to erab ntake re-eva uat on of tox cok net cs for 
data der ved uncerta nty factors. B Trace E em Research 66 1-3 :453-463. 

Dun op, W. 1981 Ser changes n rena haemodynam cs dur ng norma human pregnancy. Br J Obstet Gyneco 88:1-9. 

He nde , JJ Pr ce, CJ d, EA et a 1992 Deve opmenta tox ty of bor c ac n m ce and rats. Fund App Tox co 18:266-277. 

Krutzén, F ofsson, P Back, SE sson-Eh e, P. 1992 omeru ar f trat on rate n pregnancy a study n norma sub ects and 
pat ents w th hypertens on, preec amps a and d abetes. Scand J C n Lab Invest 52:387-392. 

sen, FH. 1992 Facts and fa ac es about boron. Nutr Today 27:6-12. 

Pah , MV Cu ver, BD Strong, PL Murray, FJ Vaz , ND. 2001 The effect of pregnancy on rena earance of boron n humans: a 
study based on norma etary ntake of boron. Tox co Sc 60 :252-256. 

Pr ce, CJ Strong, PL Marr, MC Myers, CB Murray, FJ. 1996a. Deve opmenta tox ty NOAEL and postnata recovery n rats fed 
bor c ac d dur ng gestat on. Fund App Tox co 32:179-193. 

Sturg ss, SN nson, R Dav son, JM. 1996 Rena reserve dur ng human pregnancy. Am J Phys 271:F16-F20. 

U.S. Borax. 2000 UCI Bor c Ac d C earance Study Reports and Assoc ated Data: Rat and Human Stud es, Apr 4, 2000. 

Vaz , ND Ove , F Cu ver, BD Pah , MV Andersen, ME Strong, PL Murray, FJ. 2001 The effect of pregnancy on rena
earance of boron n rats g ven bor c ac d ora y. Tox co Sc 60 :257-263. 

Sigma Value Calculation 

Study Mean GFR SD
mL min

Mean GFR ­
3SD 

mL min 

Sigma-Method 
Value

Dunlop 1981 150.5 17.6 97.7 1.54 

Krutzén et al. 1992 195 32 99 1.97 

Sturgiss et al. 1996 138.9 26.1 60.6 2.29 

Averages 161.5 85.8 1.93 

Mean GFR ÷ Mean GFR - 3 SD
Serially-averaged observations across three time periods 16, 26, & 36 weeks for 25 pregnant 
women 

rd trimester values for 13 pregnant women 
Serially-averaged observations across two time periods early and late pregnancy for 21 
pregnant women basal index plus basal control individuals

What about Ad ustment Factor Data 
to Rep ace Defau ts 
Through a partnersh p w th ndustry US Borax , NCEA gu ded the 

ann ng, deve opment, conduct, nterpretat on and presentat on o
stud es to determ ne boron TK n pregnant rats and pregnant humans. 


